Introduction
Having a wheel shaft which is directly driven from a power source (in this case, the engine of a motorcycle) using a timing belt transmission is a common means for driving small, relatively low cost vehicles. The attraction of a rotating wheel shaft is that it can be made very simple because it can accommodate the driven pulley, be used to mount the bearings and also attach a pair of wheels all on a single component. Such a design has undoubted advantages compared to the alternative of using a driven wheel hub arrangement located on an axle; as occurs, for example, with a chain sprocket on a bicycle wheel. However, there is a fundamental difference in the two designs-with a shaft, as it rotates, bending stresses alternate between tension and compression each revolution, whereas with an axle, since it remains stationary, this is not the case. Even when traveling at constant speed and carrying a steady load across level terrain, the alternating stress in a shaft can lead to fatigue damage, especially when wheel diameters are small and consequently the number of rotations becomes very significant [1] .
The design requirement is further complicated by additional factors, many of which are of a variable nature. These include the effect of changing torque transmitted during acceleration of the vehicle from start up to full speed and also abrupt breaking (these effects will result in torsion and thus changing shear stresses), traveling over uneven terrains without suspension will contribute shock loading (further adding to fluctuating bending stresses). Consequently, the vulnerability to fatigue damage is clearly very real and so it is essential to realize this and identify weak locations and take preventative steps at the design and manufacturing stages [2] .
In the present study, an intermediate shaft of the rear wheel drive assembly used in an automobile has been examined after failure, which resulted in the vehicle suddenly stopped and failed to conclude the field trial being undertaken. Significant damage was caused to the vehicle. When the vehicle was examined it was found that the intermediate shaft of rear wheel drive assembly had bend.
The Shaft Design
The design of a shaft is generally done based on the application and uses of the shaft [3] . Here in this case the design was made keeping the fact that it will be used in a rear axle transmission system. The wheel shaft has been made from a stainless steel bar, 40C8 IS:1570-88 and has been turned down to a central diameter of 25 mm along 177 mm length with an overall length of 516 mm. An undercut was given for circlip fitting to arrest the bearings as shown in Figure 1 . The ends of the shaft are reduced to 16.5 mm diameter along a 190 mm length (both side) with M16 size threaded in both ends of the shafts for fixing with the frame (Figure 1 ).
Assessing the Failure
The general appearance of the failed axle shaft is shown in Figure  2 . A view of the shaft in assembled condition (before failure) is shown in Figure 3 . The failed wheel shaft had bended almost at the end of the step and near the groove, which was unusable as shown in Figure 1 . This bend is clearly visible in a naked eye. The remaining section failed through static loading being insufficient to support the loads. From observation of the failed shaft it is not evident whether shaft bending or 
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Analysis of an
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Shaft Analysis
Because it is not immediately obvious whether bending or torsion has been the major cause of failure both effects are considered independently [5, 6] .
Bending under static loading
The total weight of the rear axle system is W=50 kg [0.9 kN] and is assumed to be evenly shared by the two rear wheels. The bending moment occurring along the shaft may simply be determined from taking the product of the wheel reaction force and the moment arm (from wheel centre to location of interest) (Figure 4 ).
M = W/2 x (760-516) = 61 Nm
As the shaft wheel hub diameter, d = 12.5 mm, so bending stress, 
Torsion due to drive transmission
In this case the main primer mover is the engine of the Motorcycle. The power rating, P = 13.42 kW with an output speed, N=5000 rpm ( Figure 5 ).
The maximum shaft driven speed=5000x16/40 (sprocket teeth ratio) = 2000 rpm.
The maximum applied torque in the drive shaft, T 
Material fatigue strength
Discussion of Findings
According to American Society of Mechanical Engineers code for the Design of transmission of shafts, the maximum permissible working stress in tension or compression may be taken as:
a)
112 M Pa for shafts without allowance for keyway b) 84 M Pa for shafts with allowance for keyway
The maximum permissible shear stress may be taken as: a) 56 M Pa for shafts without allowance for keyway 
b)
42 M Pa for shafts with allowance for keyway
Calculations show that the bending stress magnitude is much greater than the shear stress caused by torsion due to accelerating and braking. And braking and this combined with much lower frequency of occurrence of fluctuation of shear stresses effectively eliminates torsion as a significant contribution to fatigue damage.
From the Figure 6 it appears that the shaft starts bending from the stepped portion and the maximum bending occurs at the end of the stepped portion of the shafts ( Figure 6 ).
The Design Modifications
As the current shaft assembly is prone to bending failure after relatively a short operational time, modifications to the detail design are essential if longer life is to be obtained. A number of relatively simple changes to the detail design would substantially improve the resulting safe life of future drive shafts in service. These can be achieved in a number of ways and some of the most effective and simple alterations are as follows:
Shortening the total length of the shaft. This will ultimately reduce the overall length of the different portion of the shaft.
b)
Increasing the diameter of the shaft. This will also increase the diameter of the stepped portion at a ratio c)
Increase the fillet radius. The shaft fails at the change of diameter and hence an increase from R3 to R5 would nevertheless be desirable in lowering the stress concentration (Figure 7 ).
Conclusions
The detail design of the wheel shaft assembly is found wanting. Even when operating under ideal circumstances, the predicted life is relatively short and leaves no margin for vehicle misuse, a distinct possibility with such an application. Recognition of the vulnerability to fatigue of a rotating component subjected to bending and torsion loading should lead automatically to taking fatigue preventative measures at the detail design stage. It is essential to avoiding having high stress concentrations at locations of greatest nominal stress if at all possible. Even taking relatively simple measures, such as those described will greatly improve component reliability without affecting manufacturing costs and prolong the life of components.
